Summary.
Differences in the ultrastructure between periportal and centrilobular hepatocytes were studied quantitatively for newborn, 5-day-old, 10-day-old and adult mice. In newborn animals there were no differences between periportal and centrilobular cells in the area and number (per unit area of the cytoplasm in crosssection) of the mitochondria, smooth endoplasmic reticulum, rough endoplasmic reticulum, lysosomes, peroxisomes and lipid droplets, and in the shape of the mitochondria.
In 5-and 10-day-old animals, however, differences were seen in the area of the mitochondria and smooth endoplasmic reticulum, and in the shape of the mitochondria.
Adult hepatocytes show additional differences in the number of the mitochondria and peroxisomes, and in the area and number of the lysosomes.
Thus, in general, the ultrastructural heterogeneity among hepatocytes, evident in adult animals, is not present in newborn animals but appears during postnatal development.
It is known that hepatocytes of adult mouse, rat, rabbit, dog, monkey and man show some functional and morphologic differences depending on their positions within the liver lobule (Rappaport, 1963) . For example, periportal and centrilobular hepatocytes exhibit differences in the amount of various enzyme activities (Novikoff, 1959) , in glycogen content after fasting (Corrin and Aterman, 1968, Kanamura et al., 1980) , in the rate of protein synthesis (LeBouton, 1968) , in the response to cell injury after carbon tetrachloride treatment (Wilson and Williams, 1969) , in the smooth endoplasmic reticulum proliferation after phenobarbital administration (Jones and Fawcett, 1966, Kanamura and Ogawa, 1977) and in their ultrastructure (Loud, 1968 , Schmucker et al., 1978 .
However, it has been shown that a few days after birth glucose 6-phosphatase (G6Pase) (Kanamura, 1975 , Katz et al., 1976 , ornithine carbamoyltransf erase (OCT), succinate dehydrogenase (SDH) and NADH dehydrogenase (NADHDH) , alkaline phosphatase in the bile canaliculi (DeWolf-Peeters et al., 1972) and labeled hepatocytes after injection of 3H-thymidine (LeBouton and Marchand, 1970) are evenly distributed throughout the lobule. The heterogenous • distribution of these enzyme activities and cell labeling after 11-thymidine injection, which are seen in the lobule of adult liver, is gradually formed during postnatal development.
The purpose of this study was to investigate whether such postnatal changes as have been observed in the intralobular distribution of these enzymes and the cell labeling after 3H-thymidine injection are also seen in the ultrastructure of hepatocytes, and whether the postnatal changes reported previously for the intralobular distribution of G6Pase, OCT, SDH and NADHDH activities (Kanamura, 1975 , Kanamura and Asada-Kubota, 1980) are merely related to changes in hepatocyte organelles.
Materials and Methods
Male and female growing (newborn, 5-day-old and 10-day-old) and male adult (about 3-month-old) ddY mice were used. Newborn animals were within 16 hours after birth. Three animals were used in each age group. Adult animals were fed ad libitum a standard laboratory chow (Oriental NMF) and water.
The animals were sacrificed at 10 : 00 A. M. and slices from the left lobe of livers were cut into pieces (smaller than 1 mm3). The pieces were fixed in 2.5% glutaraldehyde containing 0.1 M sodium cacodylate (pH 7.3) at 4°C for 3 hours, rinsed in 0.1 M sodium cacodylate containing 8% sucrose at 4°C for 30 minutes, postfixed in buffered 1% osmium tetroxide for 3 hours, dehydrated in ethanol and embedded in Spurr medium. From each animal 4 pieces, 2 containing the central venule and 2 containing the portal area, were randomly selected. One thin section of silver interference color was cut from each piece with glass knives on an LKB Ultrotome, stained with uranyl acetate and lead citrate, and observed with a HU-12 electron microscope. Five randomly chosen micrographs at primary magnification, 2500, were made from each thin section. Thus, 240 photographs enlarged at final magnification, 10,000, which contained one whole hepatocyte within a 3-cell radius of the central venule or portal area, were prepared.
The morphometry was carried out, using Weibel's point counting method (Weibel et al., 1969) , on one whole hepatocyte in each photograph, i. e. 30 centrilobular cells and 30 periportal cells per age. A sheet of plastic board, on which points were dotted at intervals of 5 mm in each of two direction crossing at right angles, was superimposed on the photographs.
The number of the points hitting on each whole cell, nucleus, mitochondria, smooth endoplasmic reticulum, rough endoplasmic reticulum, lysosomes (primary and secondary), peroxisomes and lipid droplets was counted under a magnifying glass. In this study our interest was to know whether differences exist or not in the amount and number of the organelles between periportal and centrilobular cells. By dividing "the number of points in each organelle in one cell" by "the number of points in whole cytoplasm of the cell", the relative area of each organelle in cross-section was calculated.
Further, by dividing "the number of each organelle in one cell" by "the number of points in whole cytoplasm of the cell", the number of each organelle per square micron in cross-section were calculated.
Presence or absence of differences in the values calculated thus was considered to indicate the presence or absence of differences in actual volume and number of the organelles per unit volume of cytoplasm.
In "Discussion", however, the "relative area in cross-section" and "number per square micron in crosss-ection" obtained thus were used as an index representing the volume and number of the organelles per unit volume of the cytoplasm, expressed as "volume" and "number", respectively.
All of the data were subjected to sta-tistical analyses (Student's t-test).
Results
Qualitative morphology of the mitochondria In newborn animals the mitochondria were small and round to slender, and appeared to show no differences in the shape between periportal and centrilobular cells (Fig. 1) . At 5 days after birth, however, differences were observed. The mitochondria in centrilobular cells were small and round to slender, as those in newborn animals, while those in periportal cells were large and mostly round. At 10 days after birth the mitochondria in centrilobular cells were still small and round to slender, while those in periportal cells were markedly large (larger than those in adult amimals) and round (Figs.  2, 3) . In adult animals the mitochondria in centrilobular cells were smaller than those in newborn animals and round to slender, while those in periportal cells were large and mostly round (Figs. 4, 5 ).
Quantitative observations
The results are summarized in Table 1 and Text- Fig. 1 . The mitochondria : The area in newborn animals did not differ significantly between periportal and centrilobular cells. In 5-day-old, 10-day-old and adult animals differences, greater in periportal cells than in centrilobular cells, were seen, becoming marked with age. In both periportal and centrilobular cells the area increased between birth and 10 days after birth and decreased in adult animals.
In the number there were no significant differences between periportal and centrilobular cells in newborn, 5-dayold and 10-day-old animals.
In adult animals the number was greater in centrilobular cells than in periportal cells. Namely, the number remained nearly constant at all ages studied in periportal cells, Text- Fig. 1 . Changes in the area and number of the mitochondria, and areas of the smooth, rough and total endoplasmic reticulum, lysosomes and peroxisomes in periportal (P) and centrilobular (C) hepatocytes from growing and adult mice. Area : per unit area of cytoplasm in cross section.
Number : per square micron of cytoplasm in cross section.
ER : endoplasmic reticulum. Age : days after birth. A: adult.
animals. However, the number was greater in periportal cells in 5-day-old animals and in centrilobular cells in adult animals. Namely, in 5-day-old, 10-day-old and adult animals, the number remained nearly constant in centrilobular cells, while it continued to decrease in periportal cells.
Lipid droplets : There were no differences in the area and number between periportal and centrilobular cells in animals of any of the age groups studied. The values were high in newborn animals, and low in 5-day-old, 10-day-old and adult animals.
Discussion
Hepatocytes of adult rat (Loud, 1968 , Schmucker et al., 1978 and mouse (AsadaKubota and Kanamura, 1979) show differences in ultrastructure, depending on their positions within the liver lobule. For example, the number of the mitochondria per unit volume of the cytoplasm is greater in centrilobular cells than in periportal cells, while their volume per unit volume of the cytoplasm is greater in periportal cells than in centrilobular cells. The area of the smooth endoplasmic reticulum membrane per unit volume of the cytoplasm is greater in centrilobular cells than in periportal cells. However, as revealed in the present study, in newborn mice there are no differences in the volume and number of the cell organelles, and in the shape of the mitochondria between periportal and centrilobular hepatocytes.
In 5-and 10-dayold animals differences are seen in the volume of the mitochondria and smooth endoplasmic reticulum, and in the shape of the mitochondria.
Adult hepatocytes show additional differences in the number of the mitochondria and peroxisomes, and in the volume and number of the lysosomes. Thus, in general, the ultrastructural heterogeneity among hepatocytes, observed in adult mice, is not present in newborn animals but appears during postnatal development.
However, the pattern of development of the differences in the volume and number between periportal and centrilobular cells differs somewhat with the organelles.
For the mitochondria the differences in volume become larger with age. The volume of the smooth endoplasmic reticulum in centrilobular cells in 5-day-old animals is already similar to that in 10-day-old and adult animals. The volume of the rough endoplasmic reticulum is greater in periportal cells than in centrilobular cells in 5-and 10-day-old animals, while there are no differences in newborn and adult animals.
In total endoplasmic reticulum, however, the differences become marked with age as is the case with mitochondria.
As the cause of the postnatal changes observed in intralobular distribution of labeled cells after 8H-thymidine injection, LeBouton and Marchand (1970) suggested the drastic change at birth in the amount and composition of the blood circulating through the liver.
In fetal liver receiving the blood from the umbilical vein, which is large in amount and rich in oxygen and nutrients, the microenvironment along sinusoids might be constant throughout the lobule and hepatocytes of the three zones might be able to synthesize DNA equally. After birth the greater part of the blood circulating through the liver is from the portal vein and this blood is lower in amount, pressure, oxygen and nutrients. Such a change might alter the microenvironment along the sinusoids and produce the difference in hepatocyte function, depending on the position within the lobule.
In the pattern, i. e. uniformity throughout the lobule at birth, and a difference at 5 days and a more difference at 10 days between periportal and centrilobular cells, the changes found in the volume of the mitochondria and total endoplasmic reticulum appear similar to those observed. for labeled cells after 3H-thymidine injection. Therefore, the cause of the changes found in these organelles might also be the drastic change in the amount and composition of the blood circulating through the liver at birth. However, the cause of the changes seen in the volume and number of the lysosomes and peroxisomes is unknown.
Ornithine carbamoyltransferase and succinate dehydrogenase, localized in the mitochondria, show a uniform distribution throughout the lobule for 2 or 3 days after birth.
This distribution changes gradually to that characteristic of the adult, a higher activity in the periportal area, between 3 to 10 days after birth ). This pattern of change in enzyme distribution is similar to that observed for the volume of the mitochondria during postnatal development.
Therefore, the changes observed in these enzyme activities probably represent those related to the volume of the mitochondria themselves.
Similar changes in intralobular distribution of G6Pase activity have been observed during development (Kanamura, 1975) . The uniform distribution of the activity, seen 1 day before birth to 2 days after birth, changes to that of adult type, a higher activity in periportal area, at 10 days after birth.
However, the volume of total endoplasmic reticulum is always greater in centrilobular cells than in periportal cells in 5-day-old, 10-day-old and adult animals.
Therefore, the changes found in G6Pase activity are not a representation of changes in the volume of total endoplasmic reticulum during development.
Data have been reported by other investigators on quantitative changes in the mitochondria, endoplasmic reticulum and other organelles of the hepatocyte during postnatal development.
The volume density of the smooth endoplasmic reticulum (Rohr et al., 1971) , and the volume density of the mitochondria and number of the mitochondria per hepatocyte (David, 1979) increase with age in the rat. De la Iglesia et al. (1976) observed low amounts of the smooth endoplasmic reticulum membranes at an early age in human.
However, these studies were carried out on the assumption that structural heterogeneity is negligible in rat hepatocytes, or without consideration for such heterogeneity.
The present results show the occurrence of differences in the patterns of the changes in the volume and number of the organelles between periportal and centrilobular cells.
Thus, the present study reveals that such postnatal changes as found in the intralobular distribution of several enzyme activities Figure 4 (periportal) in contrast with markedly small and round to slender mitochondria in Figure 5 (centrilobular).
x 10,000.
